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(57) ABSTRACT 

A cable connecting device for poWer line communication 
includes: a ?rst Wiring line 231 and a second Wiring line 232 
through Which AC poWer is capable of being supplied; a 
poWer plug 120 Which is electrically connected to the ?rst 
Wiring line 231 and the second Wiring line 232 and Whose 
Wiring lines are capable of being supplied With AC poWer; an 
Ethernet port 110 through Which a communication signal is 
capable of being input and output; a poWer line communica 
tion modem 220 that is connected to the Ethernet port 110 and 
that is connected to the second Wiring line 232 through Which 
a communication signal is transmitted by using AC poWer 
input to the poWer plug 120 through the ?rst Wiring line 231 
between the poWer plug 120 and the Ethernet port 110; a ?lter 
210 disposed on the ?rst Wiring line 231 and having high 
impedance in at least a frequency band used for poWer line 
communication rather than a frequency band used for AC 
poWer; and connectors 101 to 104 Which axe electrically 
connected to the ?rst Wiring line 231 between the ?lter 210 
and the poWer line communication modem 220 and to Which 
AC poWer from the ?rst Wiring line 231 is capable of being 
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POWER LINE COMMUNICATION 
APPARATUS AND CONNECTING DEVICE 

BACKGROUND 

The present invention relates to a power line communica 
tion apparatus and a connecting device used in poWer line 
communication. 

In knoWn poWer line communication using the spread 
spectrum communication technology disclosed in, for 
example, JP-A-8-32495, there is used a cable connecting 
device for poWer line communication having a spread spec 
trum communication circuit, Which includes a modulation 
unit and a poWer connector for connecting a non-poWer line 
communication apparatus that does not perform poWer line 
communication. Further, a poWer strip provided With a plu 
rality of outlets is disclosed US. Pat. No. 6,956,464B2. 

HoWever, in the cable connecting device for poWer line 
communication or the poWer strip, a poWer ?lter for modem is 
required in addition to a poWer ?lter for connector. Accord 
ingly, there has been a problem in Which the ?lters are sepa 
rately provided. 

SUMMARY 

The invention has been ?naliZed in vieW of the draWbacks 
inherent in the related art. In the invention, since a poWer 
supply circuit and a second connector are connected to a ?rst 
connector through the same ?lter, the ?lter can have both a 
function as a ?lter for the poWer supply circuit and a function 
as a ?lter for electrical equipment connected to the second 
connector. As a result, it is not necessary to separately prepare 
a ?lter for a poWer supply circuit and a ?lter for electrical 
equipment connected to the second connector. Thus, it is an 
object of the invention to provide a poWer line communica 
tion apparatus and a connecting device capable of ef?ciently 
using a ?lter. 

In order to achieve the above object, according to an aspect 
of the invention, a poWer line communication apparatus that 
superimposes a signal having a ?rst frequency on poWer 
having a second frequency loWer than the ?rst frequency 
includes: a ?rst connector to Which the poWer is input; a 
communication circuit that superimposes the signal on the 
poWer input to the ?rst connector; a poWer supply circuit that 
supplies the poWer input to the ?rst connector to the commu 
nication circuit; a second connector that outputs the poWer 
input to the ?rst connector to the outside of the poWer line 
communication apparatus; and a single ?lter that has imped 
ance characteristics in Which impedance corresponding to the 
?rst frequency is higher than impedance corresponding to the 
second frequency, Wherein the ?rst connector is connected to 
the poWer supply circuit through the single ?lter, and the ?rst 
connector is connected to the second connector through the 
single ?lter, 

In the con?guration described above, since the poWer sup 
ply circuit and the second connector are connected to the ?rst 
connector through a single ?lter, the ?lter can have both a 
function as a ?lter for the poWer supply circuit and a function 
as a ?lter for electrical equipment connected to the second 
connector. Accordingly, since a ?lter can be e?iciently used, 
duplication of ?lters can be prevented. 

Further, in order to achieve the object, according to another 
aspect of the invention, a connecting device for a poWer line 
communication apparatus that superimposes a signal having 
a ?rst frequency on poWer having a second frequency loWer 
than the ?rst frequency includes: a ?rst connector to Which the 
poWer is input; a poWer supply circuit that supplies the poWer 
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2 
input to the ?rst connector to a communication circuit that 
superimposes the signal on the poWer; a second connector 
that outputs the poWer input to the ?rst connector to the 
outside of the poWer line communication apparatus; and a 
single ?lter that has impedance characteristics in Which 
impedance corresponding to the ?rst frequency is higher than 
impedance corresponding to the second frequency, Wherein 
the ?rst connector is connected to the poWer supply circuit 
through the single ?lter, and the ?rst connector is connected to 
the second connector through the single ?lter. 

In the con?guration described above, since the poWer sup 
ply circuit and the second connector are connected to the ?rst 
connector through a single ?lter, the ?lter can have both a 
function as a ?lter for the poWer supply circuit and a function 
as a ?lter for electrical equipment connected to the second 
connector. Accordingly, since a ?lter can be ef?ciently used, 
duplication of ?lters can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW schematically illustrating a cable connect 
ing device for poWer line communication in a ?rst embodi 
ment. 

FIG. 2 is a circuit diagram illustrating the cable connecting 
device forpoWer line communication in the ?rst embodiment. 

FIG. 3 is a circuit diagram illustrating a cable connecting 
device for poWer line communication in a second embodi 
ment. 

FIG. 4 is a block diagram illustrating a circuit of a poWer 
line communication modem in the ?rst embodiment. 

FIG. 5 is an equivalent circuit diagram When a poWer 
connector is connected to a poWer line in the ?rst embodiment 
With a knoWn unbalanced ?lter interposed therebetWeen. 

FIG. 6 is an equivalent circuit diagram When a poWer 
connector is connected to the poWer line in the ?rst embodi 
ment With a balanced ?lter interposed therebetWeen. 

FIG. 7A is a vieW illustrating gain-frequency characteristic 
When an unbalanced ?lter and a balanced ?lter in the ?rst 
embodiment are formed by using a constant K ?lter having 
characteristic impedance of 100 Q and a cutoff frequency of 
50 KHZ. 

FIG. 7B is a vieW illustrating impedance-frequency char 
acteristic When an unbalanced ?lter and a balanced ?lter in the 
?rst embodiment are formed by using a constant K ?lter 
having characteristic impedance of 100 Q and a cutoff fre 
quency of 50 KHZ. 

FIG. 8A is a circuit diagram in a case When tWo inductors 
are used as a ?lter in the ?rst embodiment. 

FIG. 8B is a circuit diagram in a case When tWo inductors 
are magnetically coupled to form a ?lter in the ?rst embodi 
ment in order to improve impedance. 

DETAILED DESCRIPTION 

Hereinafter, a poWer line communication apparatus and a 
connecting device according to embodiments of the invention 
Will be described With reference to accompanying draWings. 

First Embodiment 

First, a cable connecting device for poWer line communi 
cation according to an embodiment of the invention Will be 
schematically described. 
As shoWn in FIG. 1, a cable connecting device for poWer 

line communication 100 has connectors 101, 102, 103, and 
1 04, an Ethernet (Registered Trademark) port 1 10 to Which an 
Ethernet cable is connectable, a poWer plug 120, and a selec 
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tion switch 130. Here, the connectors 101, 102, 103, and 104 
are examples of a second connector. Here, only explanation 
related to a ?rst embodiment Will be made. 

In addition, as an example of the cable connecting device 
for poWer line communication 100, an example in Which the 
invention is applied to a poWer strip (in other Words, surge 
strip) is illustrated, as shoWn in FIG. 1. HoWever, the inven 
tion is not speci?cally limited to the poWer strip but may be 
applied to various products. It is not necessary that the cable 
connecting device for poWer line communication 100 have a 
poWer cable or a plurality of outlets like the poWer strip 
described above. For example, the cable connecting device 
for poWer line communication 100 may be an AC adaptor 
having a pair of plug and outlet. In addition, the invention may 
be applied to a modem. In this case, it is preferable that the 
modem have at least an outlet corresponding to one of the 
connectors 101, 102, 103, and 104. Moreover, the invention 
may be applied to electrical equipment having a communica 
tion function, such as so-called ‘networking appliances’. In 
the case, in the same manner as the modem, it is preferable to 
include at least an outlet. 

The connectors 101, 102, 103, and 104 are connectors for 
supply of poWer to non-poWer line communication appara 
tuses. Further, the number of connectors is not limited to four 
of the connectors 101, 102, 103, and 104 but may be more 
than four. The non-poWer line communication apparatus 
refers to electrical equipment, such as home appliances, 
Which do not perform poWer line communication. Further 
more, the Ethernet port 110 is a connecting port of a cable for 
input and output of a communication signal. In addition, the 
poWer plug 120 is connected to a poWer supply source, such 
as a Wall outlet. 

In addition, the selection sWitch 130 Will be described later 
because the selection sWitch 130 is not used in the present 
embodiment. 

Further, the poWer supply source is a commercial poWer 
supply that supplies AC poWer having a voltage of AC 100 V 
and a poWer frequency of 60 HZ; hoWever, it is possible to 
commercial voltage (for example, 120 V or 220 V) and a 
poWer frequency (for example, 50 HZ) of the AC poWer. 
Furthermore, the poWer plug 120 may not be necessarily 
provided. For example, a poWer plug connected With a poWer 
cord (so-called AC cable) may be externally provided and the 
cable connecting device for poWer line communication 100 
may have a poWer plug connector, into Which the externally 
provided poWer plug is inserted, provided on a forefront stage 
(de?nition of a ‘front stage’ Will be described later) thereof. In 
addition, the Ethernet port 110 is an example of a communi 
cation connector through Which a communication signal is 
capable of being input and output. For example, the Ethernet 
port 110 is a modular jack such as the R145, but is not 
speci?cally limited thereto. 
As shoWn in FIG. 2, in addition to the above con?guration, 

the cable connecting device for poWer line communication 
1 00 includes a ?lter 21 0, a poWer line communication modem 
220, a surge absorber 230, a ?rst Wiring line 231, a second 
Wiring line 232, a Wiring line 233 for Ethernet port, and 
Wiring lines 241 to 244 for connectors. In addition, the poWer 
line communication modem 220 includes a poWer circuit 221 
and a communication circuit 222. In addition, the ?rst Wiring 
line 231 is an example of a ?rst line. The ?rst line may be 
con?gured in various Ways, such as a Wire or a pattern on a 
circuit board, as long as a poWer plug and a communication 
circuit can be electrically connected to each other. Moreover, 
the second Wiring line 232 is an example of a second line. The 
second line may be con?gured in various Ways, such as a Wire 
or a pattern on a, circuit board, as long as a poWer plug and a 
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4 
poWer supply circuit can be electrically connected to each 
other. The poWer line communication modem 220 may be 
provided betWeen the ?lter 210 and the connectors 101, 102 
103, and 104. 
The Ethernet port 110 is an example of a communication 

connector. In addition, the poWer plug 120 is an example of a 
?rst connector. In addition, the poWer line communication 
modem 220 is an example of a poWer line communication 
unit. In addition the ?rst Wiring line 231 is an example of a 
?rst line. In addition the second Wiring line 232 is an example 
of a second line. In FIG. 2, the same parts as in the cable 
connecting device for poWer line communication 100 shoWn 
in FIG. 1 are denoted by the same reference numerals. The 
characteristics of the parts denoted by the same reference 
numerals are as described above. 
The ?rst Wiring line 231 is a poWer line that serves to 

connect the poWer plug 120 and the poWer circuit 221 of the 
poWer line communication modem 220 to each other and 
transmit poWer supplied from the poWer plug 120 to the 
poWer circuit 221. Assuming that a side close to the poWer 
plug 120 is a ‘front stage’ and a side close to the poWer line 
communication modem 220 is a ‘rear stage’ on the ?rst Wiring 
line 231, the second Wiring line 232, the ?lter 210, the surge 
absorber 230, and the Wiring lines 241 to 244 for connectors 
are electrically connected in the order from the front stage to 
the rear stage on the ?rst Wiring line 231. In this case, the 
Wiring lines 241 to 244 for connectors are electrical Wiring 
lines that serve to connect the connectors 101 to 104 and the 
?rst Wiring line 231 to each other and transmit the poWer 
supplied from the poWer plug 120 to the connectors 101 to 
104. 
The second Wiring line 232 is a communication line that 

serves to connect the poWer plug 120 and the communication 
circuit 222 of the poWer line communication modem 220 to 
each other, transmit a communication signal, Which is input to 
the poWer plug 120 from the outside (not shoWn), to the 
communication circuit 222, and transmit to the poWer plug 
120 a communication signal transmitted through the Wiring 
line 233 for Ethernet port. Moreover, in the present embodi 
ment, the ?rst Wiring line 231 and the second Wiring line 232 
partially overlap each other at a front stage on the ?rst Wiring 
line 231 positioned in front of the ?lter 210. 
The Wiring line 233 for Ethernet port serves to connect the 

poWer line communication modem 220 and the Ethernet port 
110 to each other, transmit to the Ethernet port 110 the com 
munication signal transmitted through the second Wiring line 
232, and transmits to the communication circuit 222 a com 
munication signal transmitted from an apparatus (not shoWn). 
The ?lter 210 has impedance characteristics in Which 

impedance corresponding to a poWer frequency is higher than 
impedance corresponding to a communication frequency As 
described above, the poWer frequency is 60 HZ. The commu 
nication frequency refers to a frequency used in poWer line 
communication and is in a range of 1.705 MHZ to 80 MHZ, for 
example. Therefore, the ?lter 210 has impedance character 
istics in Which impedance corresponding to 60 HZ is higher 
than impedance corresponding to 1.705 MHZ to 80 MHZ. 
As an example of the circuit con?guration of the ?lter 210, 

four inductors and a capacitor are connected as shoWn in FIG. 
2, thereby realiZing a loW pass ?lter. That is, the loW pass ?lter 
is realiZed by connecting in parallel tWo sets of inductors, 
each of Which is obtained by connecting tWo inductors in 
series, and by connecting points betWeen the-tWo inductors in 
the respective tWo sets of inductors to each other by the use of 
the capacitor. HoWever, the ?lter 210 may be realiZed in a 
con?guration other than that described above Furthermore, in 
the ?lter 210, all frequency bands other than the poWer fre 
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quency do not necessarily correspond to high impedance, as 
long as impedance corresponding to at least a communication 
frequency is higher than impedance corresponding to a poWer 
frequency used for commercial poWer. 

The poWer circuit 221 supplies poWer, Which is supplied 
from the poWer plug 120 through the ?lter 210 and the surge 
absorber 230 on the ?rst Wiring line 231, to the communica 
tion circuit 222. In addition, the communication circuit 222 
performs signal conversion for transmitting to the second 
Wiring line 232 a communication signal transmitted through 
the Wiring line 233 for Ethernet port, such as signal conver 
sion for transmitting to the Wiring line 233 for Ethernet port a 
communication signal transmitted through the second Wiring 
line 232. 

The surge absorber 230 is an element Whose impedance 
becomes extremely small in a high voltage. The surge 
absorber 230 is inserted behind the ?lter 210 and before the 
Wiring lines 241 to 244 for connectors and is electrically 
connected to the ?rst Wiring line 231. By connecting the surge 
absorber 230 at the position, it is possible to prevent the surge 
absorber 230 from absorbing a communication signal trans 
mitted on the second Wiring line 232. 
As shoWn in FIG. 4, the poWer line communication modem 

220 includes the communication circuit 222 and the poWer 
circuit 221. The poWer circuit 221 has a sWitching regulator 
that makes ON/OFF control on a voltage input from a plug, 
converts AC components of poWer to DC components, and 
supplies, as converted poWer, a variety of voltages (for 
example, +1.2 V, +3.3 V, or +12 V) to the communication 
circuit 222. Speci?cally, the sWitching regulator converts AC 
components of the poWer to DC components by using a 
switching element. In addition, the poWer circuit is an 
example of a poWer supply circuit and is not speci?cally 
limited to the sWitching regulator as-long as poWer (for 
example, DC voltage) can be supplied to the communication 
circuit. 

The communication circuit refers to a circuit capable of 
transmitting a communication signal using a modulation 
method, such as the OFDM (orthogonal frequency division 
multiplexing) method, through the second Wiring line corre 
sponding to a poWer line. Speci?cally, the communication 
circuit is denoted as the communication circuit 222. The 
communication circuit 222 includes a main IC 410, an AFE 
IC (analog front end IC) 420, a loW pass ?lter 430, a driver IC 
440, a coupler 450, a band pass ?lter 460, anAMP (AMPLI 
FIER) IC 470, anADC (AD conversion) IC 471, a memory 
480, and an Ethernet PHY IC 490. The coupler 450 is con 
nected to the second Wiring line 232. 

The Ethernet port (for example, R145) 110 is a port for 
connection betWeen an Ethernet cable and a communication 
apparatus (not shoWn). The Ethernet PUY IC 490 performs 
signal conversion With respect to a signal for Ethernet and a 
signal for poWer line communication. The Ethernet port 110 
is connected to the Ethernet PHY IC 490. 

The main IC 410 has a CPU (central processing unit) 411, 
a PLC-MAC (poWer line communication-media access con 
trol layer) block 412, and a PLC-PRY (poWer line 
communication-physical layer) block 413. The CPU (central 
processing unit) 411 is mounted With a 32-bit RISC (reduced 
instruction set computer) processor. The PLC-MAC block 
412 manages an MAC layer of a transmitted signal in the 
poWer line communication and serves to control the 
PLC-PHY block 413 or check Whether or not signal data for 
poWer line communication is correct. 

The PLC~PHY block 413 manages a PHY layer of a trans 
mitted signal in the poWer line communication and performs 
processing on a transmitted signal and processing on a 
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6 
received signal For example, With respect to a transmitted 
signal When a multi-carrier communication method is used in 
the poWer line communication, the PLC-PHY block 413 per 
forms symbol mapping by converting bit data, Which is the 
transmitted signal, into symbol data, converts serial data into 
parallel data, or performs desired frequency-time transform, 
such as the inverse fast Fourier transform (IFFT) or the 
inverse discrete Wavelet transform (IDWT). For example, 
With respect to a received signal When a multi-carrier com 
munication method is used in the poWer line communication, 
the PLC~PHY block 413 performs symbol mapping by con 
verting bit data, Which is the transmitted signal, into symbol 
data, converts serial data into parallel data, or performs 
desired frequency-time conversion, such as the inverse fast 
Fourier transform (IFFT) or the inverse discrete Wavelet 
transform (IDWT). In addition, the PLC MAC 412 is con 
nected to the Ethernet PHY IC 490. In addition, the CPU 411 
is connected to the PLC-MAC block 412. In addition, the 
PLC-PUY block 413 is connected to the PLC-MAC block 
412. Moreover, the memory 480 is connected to the CPU 411. 
The AFE IC 420 includes a D/A converter (DAC) 421, an 

A/D converter (ADC) 422, and a variable ampli?er (VGA) 
423. The D/A converter 421 is connected to the PLC-PHY 
block 413 and the loW pass ?lter 430. The loW pass ?lter 430 
is connected to the driver IC 440. The D/A converter 422 is 
connected to the PLC-PHY block 413 and the variable ampli 
?er 423. The VGA 423 is connected to the band pass ?lter 
460. In addition, the D/A converter 421, the loW pass ?lter 
430, and the driver IC 440 form a transmission system that 
performs signal processing in Which a poWer line communi 
cation signal is fed to the second Wiring line 232. In addition) 
the A/D converter 422, the VGA 423, and the band pass ?lter 
460 form a receiving system that performs signal processing 
in Which the poWer line communication signal is received 
from the second Wiring line 232. 
The coupler 450 has a coil transformer 451 and a coupling 

capacitor 452. The coupler 450 serves to superimpose a signal 
from the transmission system, as a poWer line communication 
signal, on the second Wiring line 232, extracts only a poWer 
line communication signal from the second Wiring line 232, 
and outputs the poWer line communication signal to the 
receiving system. In addition, the coupler 450 is connected to 
the driver IC 440 and the band pass ?lter 460. 

Further, the ADC IC 471 is connected to the PLC-PHY 
block 413 and the AM IC 470. Moreover, the AMP IC 470 is 
connected to the coupler 450. 

Here, referring to FIGS. 5 and 6, it Will be described about 
a difference betWeen effects of an unbalanced (asymmetrical 
betWeen approach path and return path) ?lter 502 and a bal 
anced (symmetrical betWeen approach path and return path) 
?lter 210 With respect to balancing of lines. In addition, the 
approach path and the return path are parallel paths through 
Which AC poWer can be freely transmitted. In this case, the 
second Wiring line 232 has a pair of approach path and return 
path. Referring to FIG. 5, reference numeral 505 denotes 
parasitic capacitance betWeen a poWer line 501 and ground, 
and reference numeral 506 denotes parasitic capacitance 
betWeen poWer connector lines 507a and 50719 and ground. If 
a circuit subsequent to the unbalanced ?lter 502 is not con 
nected, capacitance betWeen Wiring lines 501a and 501b, 
Which form the poWer line 501, and ground is equal. Accord 
ingly, in this case, the poWer line 501 is balanced. In the case 
in Which a circuit (unbalanced ?lter 502 and poWer connec 
tors 503 and 504) subsequent to the unbalanced ?lter 502 is 
connected, assuming that impedance seen from an A point 
toWard the direction of the unbalanced ?lter 502 is Za and 
impedance seen from a B point toWard the direction of the 
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unbalanced ?lter 502 is Zb, impedance between the wiring 
line 501a and ground becomes parallel impedance of the 
power line-to-ground parasitic capacitance 505 and the 
impedance Za and impedance between the wiring line 5011) 
and ground becomes parallel impedance of the power con 
nector line-to-ground parasitic capacitance 506 and the 
impedance Zb. As is apparent from FIG. 5, the circuit seen 
from the A point is different from the circuit seen from the B 
point. Accordingly, the impedance Za and impedance Zb are 
different from each other. As a result, a difference between 
impedance between the wiring line 501a and ground and 
impedance between the wiring line 501 b and ground occurs, 
which lowers the balance, wherein LCL (Longitudinal Con 
version Loss) increases. When power line communication is 
performed by using power lines whose balance is reduced, a 
leaking electromagnetic ?eld increases, 

Next, referring to FIG. 6 again, a case in which the bal 
anced ?lter 210 is used will be described. In FIG. 6, the same 
parts as in FIG. 5 are denoted by the same reference numerals. 
The characteristics of the parts denoted by the same reference 
numerals are as described above. 

The balanced ?lter 210 has a capacitor Cf, as shown in FIG. 
6. Two inductors Lf are connected to both ends of the capaci 
tor Cf, respectively. The two inductors Lf have equal charac 
teristic values (unit: Heny). In addition, values of the two 
inductors Lf may be substantially equal to an extent that the 
balance can be suppressed. The balanced ?lter 210 has four 
inductors Lf. One of the inductors Lf connected to one end of 
the capacitor Cf is connected to the wiring line 50111. One of 
the inductors Lf connected to the other end of the capacitor Cf 
is connected to the wiring line 5011). In addition, one of the 
inductors Lf connected to the one end of the capacitor Cf is 
connected to one ends of the power connectors 503 and 504 
and power connector line-to-ground parasitic capacitance 
506. The rest one of the inductors Lf connected to the other 
end of the capacitor Cf is connected to the other ends of the 
power connectors 503 and 504 and power connector line-to 
ground parasitic capacitance 506. That is, in the balanced 
?lter 210, both ends of the capacitor Cf are connected to the 
wiring lines 501a and 50119 through the inductors Lf, respec 
tively. Thus, a ?lter having the inductors Lf provided at a line 
in which a signal is input from the wiring lines 501a and 50119 
to the balanced ?lter 210 is called an inductance input type 
?lter. The inductors Lf is an example of a passive element and 
has a predetermined characteristic value 
As described above in FIG. 5, the power line 501 is a 

balanced line if the balanced ?lter 210 is not connected. In the 
case in which a circuit (balanced ?lter 210 and power con 
nectors 503 and 504) subsequent to the balanced ?lter 210 is 
connected, assuming that impedance seen from an A point 
toward the direction of the balanced ?lter 210 is Za' and 
impedance seen from a B point toward the direction of the 
balanced ?lter 210 is Zb', impedance between the wiring line 
501a and ground becomes parallel impedance of the power 
line to-ground parasitic capacitance 505 and the impedance 
Za' and impedance between the wiring line 5011) and ground 
becomes parallel impedance of the power connector line-to 
ground parasitic capacitance 506 and the impedance Zb' . As is 
apparent from FIG. 6, the circuit seen from the A point are 
equal to the circuit seen from the B point. Accordingly, the 
impedance Za' and impedance Zb' are equal to each other. As 
a result, even if a circuit subsequent to the balanced ?lter 210 
is connected, the impedance between the wiring lines 501a 
and ground is equal, and thus a balanced line is maintained. 

Further, in the case when the unbalanced ?lter 502 and the 
balanced ?lter 210 are formed by using the constant K ?lter 
having characteristic impedance of 100 Q and a cutoff fre 
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8 
quency of 50 KHZ, for example, a gain-frequency character 
istic view is shown in FIG. 7A and an impedance-frequency 
characteristic view is shown in FIG. 7B. In the impedance 
frequency characteristic view, it is assumed that a load of 1 Q 
is connected considering that a power apparatus (not shown) 
is connected. As is apparent from FIG. 7B, in both the bal 
anced ?lter 210 and the unbalanced ?lter 502, power is trans 
mitted with low loss in a commercial power frequency band 
bat the loss increases in a shortwave band such that, for 
example, noises that affect communication can be electively 
excluded. However, as shown in FIG. 7B, referring to the 
impedance characteristic within the shortwave band, the ?lter 
502 becomes low impedance to serve as a large load of a 
power line communication modem, while the ?lter 210 can be 
considered as a very small load so as not to affect communi 
cation performance. This is advantageous in that the commu 
nication performance does not deteriorate, for example, when 
various apparatuses are connected to the connectors 101 to 
104. 
As an example of the circuit con?guration of the ?lter 210, 

four inductors and a capacitor are connected as shown in FIG. 
2, thereby realiZing a low pass ?lter. However, the ?lter 210 
may be realiZed in other con?gurations. For example, the 
?lter 210 may be simply con?gured to include two inductors, 
as shown in FIG. 8A. In addition, when devices connected to 
the connectors 101 to 104 do not consume a large amount of 
power, as shown in FIG. 8B, it is possible to improve imped 
ance by magnetically coupling the inductors in FIG. 8A. 
Alternatively, in order to improve balancing of lines, the ?lter 
210 may be formed by combination with a common mode 
?lter (not shown). Further, in the present embodiment, the 
constant K ?lter that can be easily designed has been used. 
However, it may be possible to use the Butterworth ?lter, the 
Chebychev ?lter, the inverse Chebychev ?lter, or the cas 
caded chevyshev ?lter, for example. 

Furthermore, in power line communication using a short 
wave band, it is requested to suppress unnecessary leakage of 
electric ?eld in order to prevent interference with respect to 
other communication apparatuses (for example, a shortwave 
receiver, an amateur radio transceiver, or a wireless apparatus 
in aircraft or ship) using a shortwave band. Therefore, 
although power lines in the vicinity of outlets in home, in 
which apparatuses are actually connected, in the shortwave 
band may be considered as almost balanced lines, it is pos 
sible to prevent unnecessary leakage of electric ?eld from 
increasing without signi?cantly lowering balancing of the 
power lines by using a balanced (symmetrical between 
approach path and return path) ?lter in the cable connecting 
device for power line communication 100 so as to be con 
nected thereto. 

Furthermore, by adopting an inductance input type ?lter as 
a ?lter used for the cable connecting device for power line 
communication 100, the ?lter serves as high impedance in 
power line communication using a shortwave band (for 
example, 2 to 30 MHZ or 1.7 to 30 MHZ) and a load of the 
?lter becomes small (because re?ection is reduced as a cur 
rent decreases). That is, it is advantageous in that the com 
munication performance does not deteriorate. In addition, 
without being limited to the shortwave band, that is, in a 
frequency band of 30 MHZ or more, for example, even in a 
megahertZ frequency band of 1.705 to 80 MHZ, the same 
effects can be obtained. 

Thus, the cable connecting device for power line commu 
nication 100 according to the ?rst embodiment of the inven 
tion is con?gured to include: the ?rst wiring line 231 through 
which AC power is capable of being supplied; the second 
wiring line 232 through which AC power is capable of being 
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supplied and Which is different from the ?rst Wiring line 231; 
the power plug 120 Which is electrically connected to the ?rst 
Wiring line 231 and the second Wiring line 232 and Whose 
Wiring lines are capable of being supplied WithAC power; the 
Ethernet port 110 through Which a communication signal is 
capable of being input and output; the poWer line communi 
cation modem 220 that is connected to the Ethernet port 110 
and that is connected to the second Wiring line 232 through 
Which a communication signal is transmitted by using AC 
poWer input to the poWerplug 120 through the ?rst Wiring line 
231 betWeen the poWer plug 120 and the Ethernet port 110; 
the ?lter 210 disposed on the ?rst Wiring line 231 and having 
high impedance in at least a communication frequency band 
rather than a poWer frequency; and the connectors 101 to 104 
Which are electrically connected to the ?rst Wiring line 231 
betWeen the ?lter 210 and the poWer line communication 
modem 220 and to Which AC poWer from the ?rst Wiring line 
231 is capable of being supplied. The ?rst Wiring line 231 is 
connected to the poWer circuit 221 (refer to FIG. 2) that 
supplies poWer required for operation of the poWer line com 
munication modem 220. Similar to poWer supplies of appa 
ratuses connected to the connectors 101 to 104, even in the 
poWer circuit 221 of the poWer line communication modem 
220, an adverse effect is prevented in the ?lter 210 even if 
reduction of impedance or noise that affects communication 
occurs. 

Thus, the poWer circuit 221 and the connectors 101 to 104 
are connected to the poWer plug 120 through the single ?lter 
210, since the ?lter 210 can suppress noises occurring in the 
poWer circuit 221 and prevent communication signals from 
being input to electrical equipment (for example, a battery 
charger) connected to the connectors 101 to 104. Accord 
ingly, since it is not necessary to separately prepare a ?lter for 
a poWer circuit and a ?lter for electrical equipment connected 
to the connectors 101 to 104, a ?lter canbe ef?ciently used. As 
a result, duplication of ?lters can be prevented. Moreover, the 
?lter can be used as impedance for the electrical equipment 
connected to the connectors 101 to 104. 

Second Embodiment 

Next, in a second embodiment, it Will be described about a 
cable connecting device for poWer line communication hav 
ing a selection sWitch capable of sWitching a function corre 
sponding to an apparatus that is connected, assuming a case of 
connecting a poWer line communication apparatus to a con 
nector and a case of connected a non-poWer line communi 
cation apparatus to a connector. 

First, the second embodiment Will be schematically 
described With reference to FIG. 1. Here, only points different 
from those in the ?rst embodiment Will be described. Con 
nectors 101 to 104 in FIG. 1 cause poWer to be supplied to a 
non-poWer line communication apparatus, poWer to be sup 
plied to a poWer line communication apparatus, and a com 
munication signal to be input and output. In addition, a selec 
tion sWitch 130 is a unit that selects Whether to reduce a 
signal, Which does not belong to a poWer frequency band, 
occurring due to an apparatus connected to the connector 101, 
that is, a unit that selects Whether to cause the signal not 
belonging to a poWer frequency band to pass through the ?lter 
210. 
As shoWn in FIG. 3, in a cable connecting device for poWer 

line communication 300, the same parts as in the cable con 
necting device for poWer line communication 100 shoWn in 
FIG. 1 are denoted by the same reference numerals. The 
characteristics of the parts denoted by the same reference 
numerals are as described above. 

The cable connecting device for poWer line communica 
tion 300 includes a selection sWitch 310 and a ?rst terminal 
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10 
301 and a second terminal 302, Which are electrically con 
nected to the connector 101 by means of the selection sWitch 
310, in addition to the con?guration of the cable connecting 
device for poWer line communication 100. Although all ref 
erence numerals are not shoWn the selection sWitch 310 cor 
responding to each of a pair of recessed connection terminals 
is provided in each of the connectors 101 to 104, and a ?rst 
terminal 301 and a second terminal 302 are prepared for each 
selection sWitch 310. That is, in the present embodiment, 
eight selection sWitches 310, eight ?rst terminals 301, and 
eight second terminals 302 are provided. In addition, the 
selection sWitch 310 is an example of a selector. 
The ?rst terminal 301 is a terminal at Which each of the 

connectors 101 to 104 and the ?rst Wiring line 231 are elec 
trically connected to each other by means of a ?rst connector 
line 311 and Which is electrically connected to the selection 
sWitch 310 in order to transmit poWer supplied from the 
poWer plug 120 to each of the connectors 101 to 104. A 
connection point betWeen each of the ?rst connector lines 3 11 
and the ?rst Wiring line 231 is provided behind a surge 
absorber 230 and before a poWer line communication modem 
220 on the ?rst Wiring line 231. 

Further, the second terminal 3 02 is a terminal at Which each 
of the connectors 101 to 104 and the second Wiring line 232 
are electrically connected to each other by means of a second 
connector line 312 and Which performs supply of poWer from 
the poWer plug 120 to each of the connectors 101 to 104 and 
transmission and reception of a communication signal to each 
of the connectors 101 to 104. Assuming that a side close to the 
poWer plug 120 is a ‘front stage’ and a side close to the poWer 
line communication modem 220 is a ‘rear stage’ on the sec 
ond Wiring line 232, a connection point betWeen the second 
connector line 312 and the second Wiring line 232 is provided 
behind a connection point betWeen the ?rst Wiring line 231 
and the second Wiring line 232 and before the poWer line 
communication modem 220. 
As shoWn in FIG. 3, the ?lter 210 is inserted betWeen the 

connectors 101 to 104 and the poWer plug 120 When the 
selection sWitch 310 is connected to the ?rst terminals 301, 
While the ?lter 210 is not inserted betWeen the connectors 101 
to 104 and the poWer plug 120 When the selection sWitch 310 
is connected to the second terminals 302. Since the selection 
sWitch 310 operates in conjunction With the selection sWitch 
130 (refer to FIG. 1), the selection sWitch 310 sWitches on the 
basis of sWitching of the selection sWitch 130. 
When a poWer line communication apparatus is connected 

to the cable connecting device for poWer line communication 
300, poWer supply and input and output of communication 
signals are realiZed by connecting the poWer plug 120 of the 
poWer line communication apparatus to the connectors 101 to 
104. Since high-frequency signal components are generally 
used for the communication signals, the selection sWitch 310 
is connected to the second terminal 302 so that the commu 
nication signals do not pass through the ?lter 210. 

In addition, When a non-poWer line communication appa 
ratus is connected to the cable connecting device for poWer 
line communication 300, poWer supply-is realiZed by con 
necting an outlet of the non-poWer line communication appa 
ratus to the connector 101 and input and output of a commu 
nication signal is realiZed by connecting a communication 
cable, such as a LAN cable, of the non-poWer line communi 
cation apparatus to the Ethernet port 110 In the connectors 
101 to 104, high-frequency signals other than electrical sig 
nals of commercial poWer are noises. Accordingly, the selec 
tion sWitch 310 is connected to the ?rst terminal 301 so that 
the noises are removed While passing through the ?lter 210. 

Thus, in the connectors 101 to 104 of the cable connecting 
device for poWer line communication 300 according to the 
present embodiment of the invention, the ?lter 210 is inserted 
on the assumption that a poWer line communication apparatus 
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as Well as a non-poWer line communication apparatus is con 
nected to the connectors 101 to 104. As a result, the connec 
tors 101 to 104 are very useful because the connectors 101 to 
104 can also be used for the poWer line communication appa 
ratus. 

In the second embodiment, the cable connecting device for 
poWer line communication 300 is con?gured to include the 
selection sWitch 310, Which serves to sWitch connection 
betWeen the connectors 101 to 104 and the ?rst Wiring line 
231 to connection betWeen the connectors 101 to 104 and the 
second Wiring line 232. Therefore, the cable connecting 
device for poWer line communication 300 according to the 
second embodiment may be used for both the poWer line 
communication apparatus and the non-poWer line communi 
cation apparatus 

Moreover, in the ?rst and second embodiments described 
above, the cable connecting device for poWer line communi 
cation has been illustrated as an example of the poWer line 
communication apparatus. HoWever, the invention is not spe 
ci?cally limited to the ‘cable connecting device forpoWer line 
communication’. For example, it is possible to use a modem 
having an outlet that is a connector different from a commu 
nication connector, such as R145, and a poWer connector, 
such as a plug. In addition, the invention may not necessarily 
have a communication circuit or may have a con?guration in 
Which poWer supplied from a plug is output to the outside by 
a poWer circuit. 

The invention is useful as a poWer line communication 
apparatus and a connecting device capable of e?iciently using 
a ?lter. 

This application is based upon and claims the bene?t of 
priority of Japanese Patent Application No. 2006-038319 
?led on Feb. 15, 2006, the contents of Which are incorporated 
herein by reference in its entirety. 

The invention claimed is: 
1. A poWer line communication apparatus that superim 

poses a signal having a ?rst frequency on poWer having a 
second frequency loWer than the ?rst frequency, comprising: 

a ?rst connector to Which the poWer is input; 
a communication circuit that superimposes the signal on 

the poWer input to the ?rst connector; 
a poWer supply circuit that supplies the poWer input to the 

?rst connector to the communication circuit; 
a second connector that outputs the poWer input to the ?rst 

connector to the outside of the poWer line communica 
tion apparatus; and 

a single ?lter that has impedance characteristics in Which 
impedance corresponding to the ?rst frequency is higher 
than impedance corresponding to the second frequency, 

Wherein the ?rst connector is connected to the poWer sup 
ply circuit through the single ?lter, and the ?rst connec 
tor is connected to the second connector through the 
single ?lter. 

2. The poWer line communication apparatus according to 
claim 1, Wherein the communication circuit is connected to 
the ?rst connector through a ?rst line and transmits the signal 
onto the ?rst line, 

the poWer supply circuit is connected to the ?rst connector 
through a second line and supplies the poWer input to the 
?rst connector to the communication circuit through the 
second line, 

the single ?lter is provided on the second line betWeen the 
?rst connector and the poWer supply circuit, and 

the second connector is provided on the second line 
betWeen the single ?lter and the poWer supply circuit. 
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3. The poWer line communication apparatus according to 

claim 2, further comprising: 
a selector that disconnects the second connector from the 

second line and connects the second connector to the 
?rst line. 

4. The poWer line communication apparatus according to 
claim 1, further comprising: 

a surge absorber that is provided betWeen the second con 
nector and the single ?lter so as to absorb surge. 

5. The poWer line communication apparatus according to 
claim 4, Wherein the second line has a connection point to 
Which the second connector is connected, and 

the surge absorber is provided betWeen the single ?lter and 
the connection point. 

6. The poWer line communication apparatus according to 
claim 1, Wherein the single ?lter is connected to the ?rst 
connector through a line including an approach path and a 
return path and has passive elements on the approach path and 
the return path. 

7. The poWer line communication apparatus according to 
claim 6, Wherein the passive elements have substantially the 
same characteristic values. 

8. The poWer line communication apparatus according to 
claim 6, Wherein the passive elements are inductors. 

9. The poWer line communication apparatus according to 
claim 8, Wherein the passive elements are con?gured to 
include only inductors. 

10. The poWer line communication apparatus according to 
claim 1, Wherein the ?rst frequency is in a megahertZ band. 

11. The poWer line communication apparatus according to 
claim 10, Wherein the megahertZ band is 1.705 MHZ to 80 
MHZ. 

12. The poWer line communication apparatus according to 
claim 1, Wherein the second frequency is 60 HZ. 

13. The poWer line communication apparatus according to 
claim 1, Wherein the ?rst connector is a plug. 

14. The poWer line communication apparatus according to 
claim 1, Wherein the poWer supply circuit converts AC com 
ponents of the poWer to DC components and supplies the 
converted poWer to the communication circuit. 

15. The poWer line communication apparatus according to 
claim 14, Wherein the poWer supply circuit converts the AC 
components of the poWer to the DC components by using a 
sWitching element. 

16. The poWer line communication apparatus according to 
claim 1, Wherein the second connector is an outlet. 

17. The poWer line communication apparatus according to 
claim 16, Wherein a plurality of the outlets are provided. 

18. A connecting device for a poWer line communication 
apparatus that superimposes a signal having a ?rst frequency 
on poWer having a second frequency loWer than the ?rst 
frequency, comprising: 

a ?rst connector to Which the poWer is input; 
a poWer supply circuit that supplies the poWer input to the 

?rst connector to a communication circuit that superim 
poses the signal on the poWer; 

a second connector that outputs the poWer input to the ?rst 
connector to the outside of the poWer line communica 
tion apparatus; and 

a single ?lter has impedance characteristics in Which 
impedance corresponding to the ?rst frequency is higher 
than impedance corresponding to the second frequency, 

Wherein the ?rst connector is connected to the poWer sup 
ply circuit through the single ?lter, and the ?rst connec 
tor is connected to the second connector through the 
single ?lter. 


